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Sixty-four verotoxin-producing (VT+) Escherichia coli strains were analyzed for VT1- and VT2-specific DNA
sequences and for production of hemolysin. Strains of human origin were of the following serotypes: 0157:H7
or H-, 0111:H8 or H-, 026:H1l, 0114:H4, and rough:H7. Strains of serotypes 0157:H7, 0113:H21,
0116:H21, and rough:H- were from cattle, while those of serotype 0139:K12:Hl were from pigs. Ail 64
isolates carried either VT1 or VT2 or both genes. Sixty of the strains (93.8%) were hemolytic (Hly+). The three
0139:K12:H1 strains examined produced a-hemolysin, as shown by their reaction with the a-hemolysin-
specific monoclonal antibody h2A and by DNA hybridization with an a-hly gene probe. The remaining 57 Hly+
strains (95%) produced a different type of hemolysin (enterohemolysin), which is genetically and serologically
unrelated to a-hemolysin. The two types of hemolysin are further distinguished by the appearance of the lysis
zone on blood agar and by the time interval for the detection of hemolysis. In contrast to a-hemolysin,
enterohemolysin can be detected only on blood plates containing washed erythrocytes. The frequent association
of enterohemolysin with verotoxin production (89%) makes it useful as an epidemiological marker for rapid
and simple detection of potential VT+ E. coli.

Vero(Shiga-like)toxin-producing Escherichia coli (VTEC)
strains constitute a new group of pathogens causing hemor-
rhagic colitis and hemolytic uremic syndrome in humans (9,
17, 28, 29). Verotoxin-producing (VT+) strains have also
been isolated from healthy pigs and cows as well as pigs and
cows with diarrhea (9, 21, 22, 27, 35) and from contaminated
foodstuffs of animal origin (9, 29). Although E. coli of
serotype 0157:H7 has frequently been found to be associ-
ated with hemorrhagic colitis and hemolytic uremic syn-
drome, the VTEC group comprises E. coli strains of great
serological diversity (6, 9, 12, 21, 30, 35). Serotyping of O
and H antigens, biotyping, and the development of selective
media containing sorbitol have been useful in routine screen-
ing for 0157:H7 and H- strains but cannot be used for the
detection of VT+ strains with other fermentative properties
(6, 14, 18, 20, 30). Other screening systems employ the direct
detection of verotoxins (Shiga-like toxins) by using antitoxin
monoclonal antibodies (16, 36) or DNA probes which are
specific for the genetic sequences encoding verotoxins (VT
phenotype) or Shiga-like toxins (SLT phenotype) (5, 24, 31,
33, 35). These methods are very specific and reliable for the
detection of all potential VT+ or Shiga-like toxin-producing
(SLT+) strains, but they are presently not commonly used
routinely in clinical laboratories.

Recently, we have described a new type of E. coli hemo-
lysin, called enterohemolysin, in some strains belonging to
the classical enteropathogenic E. coli (EPEC) O groups 26
and 111 (4). Since strains belonging to these groups are also
described as potential VTEC strains (35, 36), we studied
hemolysin production in a large number of serologically
diverse VT+ E. coli strains and found an association be-
tween enterohemolysin and verotoxin production in 89% of
E. coli strains belonging to nine different serotypes. Produc-
tion of a-hemolysin was detected only in porcine VT+

* Corresponding author.

strains of serotype 0139:K12:H1. We conclude that entero-
hemolysin may be useful as an epidemiological marker for
rapid selection of potential VT+ strains of E. coli.

MATERIALS AND METHODS
Bacteria. Sixty-six E. coli strains of different sero-biotypes

were investigated for production of verotoxin and hemolysin
(Hly phenotype). The strains were isolated from humans and
animals and came from laboratories in the United States,
Canada, New Zealand, France, Denmark, the United King-
dom, and the Federal Republic of Germany. A complete
strain list with further references is presented in Table 1. The
VT+ 026 and 0111 strains listed in Table 1 were selected
from a greater number of these serotypes which were not
VT+. Strains U4-41 (04:K3:H5) and C4170 (078:H-)
served as control strains for high and low a-hemolysin
production, respectively (also listed in Table 1). The study
furthermore included 267 fecal E. coli strains from healthy
infants which were previously examined for hemolysin pro-
duction (4) and 45 enterotoxigenic E. coli (ETEC) strains
which were isolated in India, Peru, and the Federal Republic
of Germany (2; this work). DNA-DNA hybridization exper-
iments used the E. coli K-12 strains WAF100, carrying the
hly recombinant plasmid pSF4000 (38) (donated by D. A.
Low, Stanford University, Stanford, Calif.), and 60R746
and 60R363, carrying recombinant plasmids encoding either
VT1 (NTP705)- or VT2 (NTP707)-specific sequences (39, 40)
(donated by H. Smith, Central Public Health Laboratory,
London, United Kingdom).

Media. Media for routine cultivation of bacteria were
described previously (3, 4). For detection of hemolysis,
bacteria were grown on tryptose blood agar base (Difco
Laboratories, Detroit, Mich.) supplemented with 10 mM
CaCl2 and 5% defibrinated sheep blood (Oxoid, Wesel,
Federal Republic of Germany) washed three times in phos-
phate-buffered saline, pH 7.2. In Copenhagen, washed blood
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TABLE 1. Bacterial strains and properties

DNA hybridization

Origin and Sourceb or Bio ec Hemolysin Immunoblot with gene probes Vero cellStrain Serotype yr isolated reference typ typed with h2A specific for: test

a-hly VT1 VT2

C1403-83 0157:H7 (h) UK
E32511 0157:H- (b) Great Britain 32
C999-87 0157:H7 (a) Denmark, 1987 HF
C1011-87 0157:H7 (a) Denmark, 1987 HF
C7-88 0157:H- (a) Denmark, 1988 HF
CL56 0157:H7 (c) Canada HUS
CB429 0157:H7 (d) Berlin, FRG, 1987 Cattle, F
CB430 0157:H7 (d) Berlin, FRG, 1987 Cattle, F
A9047-CS1 0157:H7 (f) CDC, Atlanta UK
A9167-1 0157:H7 (e) CDC, Atlanta 6
A9218-C1 0157:H7 (f) CDC, Atlanta UK
EDL933 0157:H7 (f) CDC, Atlanta UK
CL40 0157:H7 (c) CDC, Atlanta UK
A8959-C7 0157:H7 (f) CDC, Atlanta UK
B1189-1 0157:H7 (f) CDC, Atlanta UK
3149-85 0157:H7 (f) CDC, Atlanta UK
B2576 0157:H7 (f) CDC, Atlanta UK
161-84 0157:H7 (e) CDC, Atlanta 6
3124-85 0157:H7 (e) CDC, Atlanta 6
3230-85 0157:H7 (e) CDC, Atlanta 6
3174-87 0157:H7 (e) CDC, Atlanta 6
3199-85 0157:H- (e) CDC, Atlanta 6
3205-85 0157:H- (e) CDC, Atlanta 6
3344-85 0157:H- (e) CDC, Atlanta 6
3460-85 0157:H- (e) CDC, Atlanta 6
EDL932 0157:H- (e) CDC, Atlanta 6
3526-87 0157:H7 (e) CDC, Atlanta 6
1271-84 0157:H- (e) CDC, Atlanta 6
3417-86 0157:H7 (e) CDC, Atlanta 6
CB573 0157:H7 (g) FRG, 1987 HF
CB571 0157:H7 (g) FRG, 1987 HF
CB570 0157:H7 (g) FRG, 1987 HF
CB572 0157:H43 (g) FRG, 1988 HF
CB569 0157:H- (g) FRG, 1987 HF
H19 026:H11 (b) Great Britain 32
IP29580 026:H11 (h) Palermo, Italy, 1965 4
IP29581 026:H11 (h) Palermo, Italy, 1965 UK
CB282 026:H11 (i) New Zealand HF
CB283 026:H11 (i) New Zealand HF
CB284 026:H11 (i) New Zealand HF
CB288 026:H11 (i) New Zealand HF
CB285 026:H11 (i) New Zealand HF
CB290 026:H11 (i) New Zealand HF
CB291 026:H11 (i) New Zealand HF
CB292 026:H11 (i) New Zealand HF
B1540-C2 0111:H- (f) CDC, Atlanta UK
C3007-86 0111:H- (e) CDC, Atlanta UK
C4169 0111:H- () Stuttgart, FRG, 1985 HF (4)
CB24 0111:H- () Saarbrucken, FRG, 1985 HF (4)
CB168 0111:H- () Bonn, FRG, 1985 HF (4)
CB27 0111:H8 () Saarbrucken, FRG, 1985 HF (4)
C3075/69 0114:H4 (j) Berlin, FRG, 1969 HF
CL8 Rough:H7 (c) HUS
CB462 Rough:H- (d) Berlin, FRG, 1987 Cattle, F
CB463 Rough:H- (d) Berlin, FRG, 1987 Cattle, F
CB425 0113:H21 (d) Berlin, FRG, 1987 Cattle, F
CB426 0113:H21 (d) Berlin, FRG, 1987 Cattle, F
CB427 0113:H21 (d) Berlin, FRG, 1987 Cattle, F
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from sheep kept at the farm of the Statens Seruminstitut was
used. For some experiments, blood agar plates containing
unwashed sheep blood were used. For the Vero cell test,
bacteria were grown in tryptic soy broth (Difco) as described
previously (4).

Biotyping. The following sugars or alcohols were used for
biotyping: sorbitol, rhamnose, sucrose, raffinose, salicin,
sorbose, and dulcitol (E. Merck AG, Darmstadt, Federal
Republic of Germany). The strains were also examined for
production of lysine and ornithine decarboxylases. The tests
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TABLE 1-Continued

DNA hybridization

Strain Serotype Origina and Sourceb or Hemolysin Immunoblot with gene probes Vero cell
yr isolated reference Biotype' typed with h2A specific for: test

a-hly VT1 VT2

CB464 0116:H21 (d) Berlin, FRG, 1987 Cattle, F 774 EntHly - - + + +
CB465 0116:H21 (d) Berlin, FRG, 1987 Cattle, F 774 EntHly - ND + + +
CB466 0116:H21 (d) Berlin, FRG, 1987 Cattle, F 774 EntHly - ND + + +
CB467 O?:H18 (d) Berlin, FRG, 1987 Cattle, F 667 EntHly - - + + +
CB468 O?:H18 (d) Berlin, FRG, 1987 Cattle, F 667 EntHly - - + + +
CB295 0139:K12:H1 (i) New Zealand Pig, F 276 a-Hly + + - + +
CB301 0139:K12:H1 (i) New Zealand Pig, F 276 a-Hly + + - + +
CB302 0139:K12:H1 (i) New Zealand Pig, F 276 a-Hly + + - + +
U4-41f 04:K3:H5 (a) Copenhagen, 1941 HU (26) ND a-Hly + + -

C4170 078:H- (j) Saarbrucken, FRG, 1985 HF (4) ND a-Hly + + -

a Strains were obtained from the following sources: (a) I. 0rskov and F. 0rskov, Statens Seruminstitut, International Escherichia and Klebsiella Centre,
Copenhagen, Denmark; (b) H. Smith, Division of Enteric Pathogens, Central Public Health Laboratory, London, United Kingdom; (c) M. A. Karmali,
Department of Bacteriology and Virology, Hospital for Sick Children, University of Toronto, Toronto, Ontario, Canada; (d) M. Bulte, Institut fur
Lebensmittelhygiene, FU Berlin, Berlin, Federal Republic of Germany (FRG); (e) Centers for Disease Control (CDC), Atlanta, Ga., from N. A. Strockbine,
Escherichia Shigella Reference Laboratory, Atlanta, Ga.; (f) CDC, Atlanta, from A. D. O'Brien, Uniformed Services University of the Health Sciences,
Bethesda, Md.; (g) S. Aleksic, Hygienisches Institut der Freien Hansestadt Hamburg, Hamburg, FRG; (h) L. Le Minor, Service des Entérobactéries, Institut
Pasteur, Paris, France; (i) K. A. Bettelheim, Department of Health, National Health Institute, Wellington, New Zealand; (j) strain collection of the Robert
Koch-Institute, Berlin, FRG.

b HF, Human feces; F, fecal; HUS, hemolytic uremic syndrome; HU, human urine; UK, unknown.
C Biotype is expressed by a numerical code as described in Materials and Methods.
d EntHly, enterohemolysin; a-Hly, a-hemolysin; Hly-, hemolysin negative.
e ND, Not done.
f Control strain.

were performed as described by Achtman et al. (1). The
biotypes were expressed by a numerical code which is a

summary of the values given to each positive test in the
following way: ornithine decarboxylase, 100; sorbitol, 200;
lysine decarboxylase, 400; rhamnose, 10; sucrose, 20; raffi-
nose, 40; salicin, 1; sorbose, 2; and dulcitol, 4. The reactions
were read after different periods of incubation by the method
of Crichton and Old (8).

Serotyping. Serotyping of E. coli strains was performed by
standard methods (26).
Immunochemicals and colony immunoblots. For immuno-

blotting, the monoclonal antibody h2A, which is specific for
the hlyA gene product (107-Mr [107K] protein) (15), was used
(provided by S. Bhakdi, University of Giessen, Giessen,
Federal Republic of Germany). An alkaline phosphatase-
conjugated F(ab')2 fragment of goat anti-mouse immuno-
globulin G and immunoglobulin M (Jackson Immunore-
search Laboratory, Avondale, Pa.) was used as the second
antibody. Naphthol AS-MX phosphate and fast red TR salt
(both from Sigma Chemical Co., St. Louis, Mo.) were used
for chemical stainings of immunoblots as described before
(2). The colony immunoblot method for detection of the hlyA
gene product was performed as described previously (4).

Other techniques. DNA isolation, agarose gel electropho-
resis, preparation of the hly-specific gene probe, and South-
ern blot analysis were performed as described previously (3).
Colony DNA hybridization for detection of VT+ strains.

Colony blots were prepared on Whatman 541 filters (What-
man International Ltd., Maidstone, United Kingdom) by the
method of Maas (19). Gene probes specific for VT1 (750-
base-pair [bp] HincII fragment of plasmid NTP705) (40) and
VT2 (850-bp AvaI-PstI fragment of plasmid NTP707) (39)
were labeled with [32P]dCTP (Amersham) by nick transla-
tion. Hybridizations were performed at high stringency as

described previously (23) except that the incubation was

performed at 42°C.

RESULTS

Detection of VT+ strains by the Vero cell test. Of the 66
strains studied (Table 1), 64 produced verotoxins. Only two
0157 strains, apart from the two a-hemolysin control strains
U4-41 and C4170, were negative for verotoxin in the Vero
cell test. The toxigenic potential of VT+ strains was gener-
ally high. Damage of Vero cells was observed in 10-4
dilutions of culture fluid. The porcine VT+ isolates were
found to be less toxigenic, only causing damage of cells at
dilutions of 10-3 or less.

Detection of VT1- and VT2-specific sequences by DNA
hybridization. Ail strains, including the 267 fecal E. coli
isolates from infants, were tested for the presence of VT1-
and VT2-specific sequences by colony blot hybridization.
All strains which were VT+ in the cell assay hybridized with
one or both of the two verotoxin gene probes used. The
distribution of the VT1 and VT2 gene sequences in the

TABLE 2. Distribution of genes encoding VT1 and VT2
in 64 different VT+ strains

No. of strains positive
Serotype

VT1 VT2 VT1 + VT2

026:H11 il 0 0
O111:H8 1 0 0
0114:H4 1 0 0
Rough:H- 2 0 0
0113:H21 0 3 0
0139:K12:H1 0 3 0
O111:H- 3 0 2
0157:H- o 4 5
0157:H7 0 7 16
0116:H21 0 0 3
O?:H18 0 0 2
Rough:H7 0 0 1
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FIG. 1. Colony immunoblots of VT+ strains with h2A monoclo-
nal antibody. (A) Blood agar plate containing washed sheep blood
inoculated with VT+ E. coli strains. The colonies were removed
after blotting. (B) Colony immunoblot of plate in panel A. Rows 1 to
8 (from left to right): row 1, U4-41 and C4170 (positive controls for
high and low a-hemolysin production, respectively); row 2, C1403-
83, E32511, C999-87, C1011-87, 3149-85, and B2576; row 3,
EDL933, CL40, A8959-C7, B1189-1, CB468, and A9047-CS1; row 4,
A9167-1, A9218-C1, C7-88, CL56, CB429, and CB430; row 5, CL8,
B1540-C2, CB27, CB168, CB24, C4169, and IP29580; row 6,
IP29581, H19, CB282, CB283, CB284, CB285, and CB288; row 7,
CB290, CB291, CB292, CB462, CB463, CB464, and CB465; row 8,
CB466, CB467, CB295, U4-41, CB302, and CB301. Strains and
properties are listed in Table 1.

strains is shown in Table 2. Of the 0157 strains, 65.6%
carried both genes, 34.4% were positive for only VT2, and
none of the strains was carrying exclusively VT1 sequences.
All 11 026:H11 strains, one 0111:H8 strain, three 0111:H-
strains, and one 0114:H4 strain were VT1+ VT2-, while two
0111:H- strains were VT1+ VT2+. All combinations were
found among the non-0157 bovine VT+ strains. The three
0139 strains from pigs were VT2+ only.

All strains which were VT- in the cell assay and the 267
fecal E. coli strains from infants did not hybridize with either
the VT1 or the VT2 probe.

Detection of hemolysis. Sixty of the 64 VT+ strains pro-
duced hemolysin, while the two VT- strains did not. There
were two kinds of lysis zones; one was produced by the two
at-hemolysin control strains, the three porcine Hly+ 0139
strains, and 40 a-hemolysin-producing strains from healthy
infants. This type of lysis was detectable after 3 h of
incubation at 37°C and was also apparent on blood agar
plates containing unwashed sheep erythrocytes. The lysis
caused by the remaining 57 hemolytic strains was typical for
enterohemolysin (in 026 and 0111 strains), as described
previously (4), except that no diphasic zone was seen; a
turbid zone was detected under and around the colonies, but
no inner clear zone was seen. Enterohemolysin required
overnight incubation of the culture and did not appear when
the sheep erythrocytes were not washed; in general, the
zones were smaller than those of cx-hemolytic E. coli strains.
When sheep blood from the farm of the Statens Seruminsti-
tut was used, the zones did not look turbid, but the blood
also required washing and overnight incubation of the cul-
ture for demonstration of hemolysis. Both a.-hemolytic and
enterohemolytic activities of the strains listed in Table 1
could also be demonstrated when sheep blood was replaced
by washed human, ox, guinea pig, or rabbit erythrocytes (4;
this work).

Discrimination between a- and enterohemolysin-producing
strains by colony immunoblots with h2A. All strains from
Table 1 were tested with the monoclonal antibody h2A,
which is specific for the hlyA gene product, the 107K protein
(15). The results are summarized in Table 1 and shown in

TABLE 3. Hemolytic activities of non-VTEC E. coli strains'

No. of strains
Strains' a-Hemolysin Enterohemolysin Hemolysin

positive positive negative

Fecal isolates 40 0 227
EPEC 35 4 198
ETEC 0 0 45

a All strains were tested for verotoxins by the Vero cell assay and/or DNA
hybridization.

b Fecal isolates were collected from healthy infants (4); data for EPEC (3)
and ETEC (2) strains are from the literature and this work.

Fig. 1 for 46 strains. Of the VT+ strains tested, only the
porcine 0139:K12:H1 isolates reacted with h2A; all other
VT+ strains were negative. The 40 at-hemolysin-producing
strains from healthy infants were previously shown to react
positively with h2A (4), as did the control strains U4-41 and
C4170.

Southern hybridizations with an a-hly-specific gene probe.
Forty-four representative ot-hemolytic and enterohemolytic
strains from Table 1 were tested by Southern hybridization
for cx-hemolysin-specific sequences. For this, plasmid and
chromosomal DNA preparations of the strains were exam-
ined for hybridization with the Aval A fragment of the hly
recombinant plasmid pSF4000 (38). The results are listed in
Table 1. Hybridization to this cx-hly-specific probe was only
detected with plasmid DNA of the three porcine 0139:
K12:H1 strains and with chromosomal DNA of strains U4-41
and C4170. All other strains tested were negative for a-
hly-specific sequences, which indicates that their hemolysin
genes do not share homology with the cloned a-hemolysin
determinant on pSF4000.

Biotypes. For biotyping, substrates were used that provide
good discrimination between unrelated strains (8). Fermen-
tation of sorbitol was tested because it has been found to be
useful for detection of 0157:H7 and H- strains (6, 11, 14,
20). The results are summarized in Table 1. Fermentation of
sorbitol within 48 h of incubation was detected with only 5 of
the 34 0157 isolates, including four sorbitol-positive strains
isolated in the Federal Republic of Germany. All VT+
strains belonging to serogroups other than 0157 fermented
sorbitol promptly. Of the 0157 strains, 94% (32 of 34) were
positive for ornithine and lysine decarboxylases and 91% (31
of 34) were positive for rhamnose, sucrose, and raffinose
fermentation. Seventeen of the 0157 strains were dulcitol
positive and sorbose negative (biotype 574 in Table 1). Eight
of the 11 026:H11 strains were biotype 763, and all 11 strains
were found to be negative for rhamnose and dulcitol, typical
for 026:H11 strains (25). Four of the six 0111 strains were
negative for both ornithine and lysine decarboxylases; the
remaining two strains were positive in all nine tests in the
biotyping scheme. The rough:H- and the 0113, 0116,
0139, and 0? strains all gave identical biotype patterns
exclusive for each serotype.
Hemolysin production among non-VTEC fecal E. coli iso-

lates. We had previously reported that no enterohemolysin-
positive strain was found among 267 fecal E. coli strains
which originated from 200 healthy infants; however, 40 of
these strains (15%) were positive for a-hemolysin (4). In this
work, we extended our studies on hemolysin production to
EPEC and ETEC E. coli strains (3, 4). The results of all
these studies are summarized in Table 3. A total of 549
strains were tested. Enterohemolysin was detected in only
four 026 VT- EPEC strains and not in any other group.

J. CLIN. MICROBIOL.
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Thirty-five (14.8%) of the EPEC strains were positive for
a-hemolysin. No hemolysin-positive strain was found in a
group of 45 ETEC strains obtained from humans (42 strains),
animals (2 strains), or foodstuffs (1 strain).

DISCUSSION

Sixty of 64 (93.8%) verotoxin-producing strains of E. coli
from various sources and of several serotypes were found to
produce hemolysins. Two different types of hemolysins were
detected. oa-Hemolysin was only produced by porcine VT+
strains of serotype 0139:K12:H1 and was found to be
plasmid encoded. Of the VT+ strains, 89% exhibited a
different type of hemolysin unrelated morphologically, sero-
logically, and genetically to a-hemolysin. This type of he-
molysin resembled the enterohemolysin we recently found in
some classical EPEC 026 and 0111 strains and in single
isolates belonging to O groups 25 and 121 (4). The detection
of enterohemolytic activity was facilitated by comparing
blood agar plates containing washed and unwashed sheep
blood (4; this work).

Neither standard protocols (34, 37) nor the manufacturers'
handbooks for commercially available media recommend
washing blood for the preparation of blood agar plates,
which might explain why enterohemolytic activity has not
been detected previously. The production of enterohemo-
lysin appears to be restricted to only some serological groups
of E. coli. Thus, enterohemolysin production was not found
in a large number of strains belonging to classical EPEC O
groups except in some 026 and 0111 strains (3, 4; this work)
or in 267 fecal E. coli strains from healthy human infants (4).
In contrast, 32 of 34 (94%) strains of serogroup 0157 were
found to be enterohemolytic.
These findings, together with the close association found

between verotoxin and enterohemolysin production, make
enterohemolysin suitable as an epidemiological marker for
rapid detection of potential VT+ E. coli strains.

In contrast to enterohemolysin, production of ot-hemo-
lysin is quite frequent among human fecal E. coli strains, and
it predominates in strains causing extraintestinal infections
in humans (4, 7, 10, 13). With the methods described here,
both types of hemolysins were easy to detect and well
discriminated by simple observation of the lysis zones on
blood agar plates containing washed and unwashed sheep
blood and by the time required for hemolysis to become
apparent on blood agar plates.

Despite the close association between VT1 and VT2 and
enterohemolysin activity, both functions appear to be ex-
pressed by independent mechanisms. This was shown by our
observation that more E. coli strains of O group 26 were
positive for enterohemolysin than for verotoxin production
(4; unpublished data) and by the finding that VT+ strains of
O groups 113 and 114 were hemolysin negative. We also
found that spontaneous Hly- derivatives of enterohemol-
ysin-producing VT+ 026 and 0157 strains which were
selected on blood agar were not altered in their verotoxi-
genic activity (data not shown).
The significance of enterohemolysin as a true virulence

factor of E. coli is not known. Culture fluid of VT- entero-
hemolysin-positive 026 strains or cell lysates of these were
not found to cause visible damage to cultured Vero, HEp-2,
or HeLa cells (4; unpublished data). The finding that entero-
hemolysin-producing E. coli strains are closely associated
with diarrheal disease could indicate that it might function as
a virulence factor by a hitherto unknown mechanism.

LITERATURE CITED
1. Achtman, M., A. Mercer, B. Kusecek, A. Pohl, M. Heuzen-

roeder, W. Aaronson, A. Sutton, and R. P. Silver. 1983. Six
widespread bacterial clones among Escherichia coli Ki isolates.
Infect. Immun. 39:315-335.

2. Beutin, L., L. Bode, T. Richter, G. Peltre, and R. Stephan. 1984.
Rapid visual detection of Escherichia coli and Vibrio cholerae
heat-labile enterotoxins by nitrocellulose enzyme-linked im-
munosorbent assay. J. Clin. Microbiol. 19:371-375.

3. Beutin, L., M. Montenegro, S. Zimmermann, and R. Stephan.
1986. Characterization of hemolytic strains of Escherichia coli
belonging to classical enteropathogenic 0-serogroups. Zen-
tralbl. Bakteriol. Hyg. A 261:266-279.

4. Beutin, L., J. Prada, S. Zimmermann, R. Stephan, I. 0rskov,
and F. 0rskov. 1988. Enterohemolysin, a new type of hemolysin
produced by some strains of enteropathogenic E. coli (EPEC).
Zentralbl. Bakteriol. Hyg. A 267:576-588.

5. Bohnert, M. G., H. M. d'Hauteville, and P. J. Sansonetti. 1988.
Detection of enteric pathotypes of Escherichia coli by a hybrid-
ization using six DNA probes. Ann. Inst. Pasteur Microbiol.
139:189-202.

6. Bopp, C. A., K. D. Greene, F. Pouch Downes, E. G. Sowers,
J. G. Wells, and I. K. Wachsmuth. 1987. Unusual verotoxin-
producing Escherichia coli associated with hemorrhagic colitis.
J. Clin. Microbiol. 25:1486-1489.

7. Cavalieri, S. J., G. A. Bohach, and I. S. Snyder. 1984. Esche-
richia coli ot-hemolysin: characteristics and probable role in
pathogenicity. Microbiol. Rev. 48:326-343.

8. Crichton, P. B., and D. C. Old. 1979. Biotyping of Escherichia
coli. J. Med. Microbiol. 12:473-486.

9. Edelman, R., M. A. Karmali, and P. A. Fleming. 1988. Summary
of the International Symposium and Workshop on Infections
Due to Verocytotoxin (Shiga-Like Toxin)-Producing Esche-
richia coli. J. Infect. Dis. 157:1102-1104.

10. Evans, D. J., D. G. Evans, C. Hôhne, M. A. Noble, E. V.
Haldane, H. Lior, and L. S. Young. 1981. Hemolysin and K
antigens in relation to serotype and hemagglutination type of
Escherichia coli isolated from extraintestinal infections. J. Clin.
Microbiol. 13:171-178.

11. Farmer, J. J., III, and B. R. Davis. 1985. H7 antiserum-sorbitol
fermentation medium: a single-tube screening medium for de-
tecting Escherichia coli 0157:H7 associated with hemorrhagic
colitis. J. Clin. Microbiol. 22:620-625.

12. Gonzalez, E. A., and J. Blanco. 1985. Production of cytotoxin
VT in enteropathogenic and non-enteropathogenic Escherichia
coli strains of porcine origin. FEMS Microbiol. Lett. 26:127-
130.

13. Hacker, J., G. Schroter, A. Schrettenbrunner, C. Hughes, and
W. Goebel. 1983. Hemolytic Escherichia coli strains in the
human fecal flora as potential urinary pathogens. Zentralbi.
Bakteriol. Hyg. A 254:370-378.

14. Haldane, D. J. M., M. A. S. Damm, and J. D. Anderson. 1986.
Improved biochemical screening procedure for small clinical
laboratories for Vero (Shiga-like)-toxin-producing strains of
Escherichia coli 0157:H7. J. Clin. Microbiol. 24:652-653.

15. Hugo, F. M., M. Arvand, J. Reichwein, N. Mackman, I. B.
Holland, and S. Bhakdi. 1987. Identification of hemolysin pro-
duced by clinical isolates of Escherichia coli with monoclonal
antibodies. J. Clin. Microbiol. 25:26-30.

16. Karch, H., N. A. Strockbine, and A. D. O'Brien. 1986. Growth
of Escherichia coli in presence of trimethoprim-sulfamethox-
azole facilitates detection of Shiga-like toxin-producing strains
by colony blot assay. FEMS Microbiol. Lett. 35:141-145.

17. Karmali, M. A., M. Petric, C. Lim, P. C. Fleming, G. S. Arbus,
and H. Lior. 1985. The association between idiopathic hemo-
lytic uremic syndrome and infection by verotoxin-producing
Escherichia coli. J. Infect. Dis. 151:775-782.

18. Krishnan, C., V. A. Fitzgerald, S. J. Dakin, and R. J. Behme.
1987. Laboratory investigation of outbreak of hemorrhagic
colitis caused by Escherichia coli 0157:H7. J. Clin. Microbiol.
25:1043-1047.

19. Maas, R. 1983. An improved colony hybridization method with
significantly increased sensitivity for detection of single genes.

VOL. 27, 1989 2563



2564 BEUTIN ET AL.

Plasmid 10:296-298.
20. March, S., and S. Ratnam. 1986. Sorbitol-MacConkey medium

for detection of Escherichia coli 0157:H7 associated with
hemorrhagic colitis. J. Clin. Microbiol. 23:869-872.

21. Mohammad, A., J. S. M. Peiris, and E. A. Wijewanta. 1986.
Serotypes of verocytotoxigenic Escherichia coli isolated from
cattle and buffalo calf diarrhoea. FEMS Microbiol. Lett. 35:
261-265.

22. Mohammad, A., J. S. M. Peiris, E. A. Wiewanta, S. Mahalin-
gam, and G. Gunasekara. 1985. Role of verocytotoxigenic
Escherichia coli in cattle and buffalo calf diarrhoea. FEMS
Microbiol. Lett. 26:281-283.

23. Montenegro, M. A., D. Bitter-Suermann, J. K. Timmis, M. E.
Aguero, F. C. Cabello, S. C. Sanyal, and K. N. Timmis. 1985.
traT gene sequences, serum resistance, and pathogenicity-
related factors in clinical isolates of Escherichia coli and other
gram-negative bacteria. J. Gen. Microbiol. 131:1511-1521.

24. Newland, J. W., and R. J. Neill. 1988. DNA probes for Shiga-
like toxins I and II and for toxin-converting bacteriophages. J.
Clin. Microbiol. 26:1292-1297.

25. 0rskov, F. 1951. On the occurrence of E. coli belonging to O
group 26 in cases of infantile diarrhoea and white scours. Acta
Pathol. Microbiol. Scand. 29:373-378.

26. 0rskov, F., and I. 0rskov. 1984. Serotyping of Escherichia coli,
p. 43-112. In T. Bergan (ed.), Methods in microbiology, vol. 14.
Academic Press, Inc. (London), Ltd., London.

27. 0rskov, F., I. 0rskov, and J. A. Villar. 1987. Cattle as a
reservoir of verotoxin-producing Escherichia coli 0157:H7.
Lancet i:276.

28. Pai, C. H., N. Ahmet, H. Lior, W. M. Johnson, H. V. Sims, and
D. E. Woods. 1988. Epidemiology of sporadic diarrhea due to
verocytotoxin-producing Escherichia coli: a two-year prospec-
tive study. J. Infect. Dis. 157:1054-1057.

29. Riley, L. W., R. S. Remis, S. D. Helgerson, H. B. McGee, J. G.
Wells, B. R. Davis, R. J. Hebert, E. S. Olcott, L. M. Johnson,
N. T. Hargett, P. A. Blake, and M. L. Cohen. 1983. Hemorrhagic
colitis associated with a rare Escherichia coli serotype. N. Engl.
J. Med. 308:681-685.

30. Scotland, S. M., and B. Rowe. 1980. Production of a cytotoxin
affecting Vero cells by strains of Escherichia coli belonging to
traditional enteropathogenic serogroups. FEMS Microbiol.

Lett. 7:15-17.
31. Scotland, S. M., B. Rowe, H. R. Smith, G. A. Willshaw, and

R. J. Gross. 1988. Vero cytotoxin-producing strains of Esche-
richia coli from children with haemolytic uraemic syndrome and
their detection by specific DNA probes. J. Med. Microbiol.
25:237-243.

32. Scotland, S. M., H. R. Smith, and B. Rowe. 1985. Two distinct
toxins active on Vero cells from Escherichia coli 0157. Lancet
ii:885-886.

33. Scotland, S. M., G. A. Willshaw, H. R. Smith, and B. Rowe.
1987. Properties of strains of Escherichia coli belonging to
serogroup 0157 with special reference to production of Vero
cytotoxins VT1 and VT2. Epidemiol. Infect. 99:613-624.

34. Smibert, R. S., and N. R. Krieg. 1981. General characterization,
p. 409-443. In P. Gerhardt (ed.), Manual of methods for general
bacteriology. American Society for Microbiology, Washington,
D.C.

35. Smith, H. R., S. M. Scotland, G. A. Willshaw, C. Wray, I. M.
McLaren, T. Cheasty, and B. Rowe. 1988. Vero cytotoxin
production and presence ofVT genes in Escherichia coli strains
of animal origin. J. Gen. Microbiol. 134:829-834.

36. Strockbine, N. A., L. R. M. Marques, R. K. Holmes, and A. D.
O'Brien. 1985. Characterization of monoclonal antibodies
against Shiga-like toxin from Escherichia coli. Infect. Immun.
50:695-700.

37. Vera, H. D., and D. A. Power. 1980. Culture media, p. 965-999.
In E. H. Lennette, A. Balows, W. J. Hausler, Jr., and J. P.
Truant (ed.), Manual of clinical microbiology, 3rd ed. American
Society for Microbiology, Washington, D.C.

38. Welch, R. A., R. Hull, and S. Falkow. 1983. Molecular cloning
and physical characterization of a chromosomal hemolysin from
Escherichia coli. Infect. Immun. 42:178-186.

39. Willshaw, G. A., H. R. Smith, S. M. Scotland, A. M. Field, and
B. Rowe. 1987. Heterogeneity of Escherichia coli phages encod-
ing Vero cytotoxins: comparison of cloned sequences determin-
ing VT1 and VT2 and development of specific gene probes. J.
Gen. Microbiol. 133:1309-1317.

40. Willshaw, G. A., H. R. Smith, S. M. Scotland, and B. Rowe.
1985. Cloning of genes determining the production of Vero
cytotoxin by Escherichia coli. J. Gen. Microbiol. 131:3047-
3053.

J. CLIN. MICROBIOL.


